Abstract: A /3-(1-5)-galactofuran was isolated and characterized from fraction FIS (alkali-and water-soluble) of the cell wall of most of the species of Eupenicillium. In E. cryptum, E. euglaucum and E. nepalense the galactan contained galactofuranose with different linkages in addition to /3-(1-5). Fraction FII (alkali-soluble, water-insoluble) was an a-glucan in certain species while in others it was a/3-glucan. Xylose was detected in some species in FII or in F3 (alkali-soluble at 70°C). The most abundant fraction (F4), resistant to the alkali treatment, was a/3-glucan-chitin complex. Excepting this component, the/3-(1-5)-galactofuran was the polysaccharide which appeared more frequently in the cell wall of species of Eupenicillium and it may have chemotaxonomic relevance.
Introduction
The entire spectrum of fungi may be subdivided into various categories according to the chemical nature of their walls. These categories closely parallel conventional taxonomic boundaries which may effectively reach to the genus level [1] . In Penicillium at least two types of cell wall exist: type A where the 1 M NaOH soluble material is an cr-(1-3)-glucan; and type B where the material extracted with 1 M NaOH is a /3-gluco-galactan [2] .
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These types of cell wall have also been found in Eupenicillium [3] and Talaromyces species [4] , teleomorphic states of Penicillium. The cell wall of Eupenicillium crustaceum belongs to the A group, and the one of Talaromyces flavus to type B [5] . Galactans with galactofuranose residues (1-2) and (1-5) linked were extracted with water from the alkali-soluble material obtained from cell walls of certain species of Penicillium [6] and Talaromyces [7] . The alkali-and water-soluble material obtained from the cell wall of other species of Penicillium and E. crustaceum was characterised as a /3-(1-5)-galactofuran [8] .
In this study we have extracted and analysed different polysaccharidic fractions from the cell wall of several species of Eupenicillium in order to find polysaccharides which could be used as 342 chemotaxonomic markers for this genus and for those species of Penicillium whose teleomorphic state is Eupenicillium.
Materials and Methods

Microorganisms and culture media
The following species were used: Eupenicillium angustiporcatum Takada terrenum Scott CBS 317.67. The microorganisms were maintained on slants of Bacto potato dextrose agar supplemented with 1 g I-1 of Bacto yeast extract (Difco). The basal medium and growth conditions for mycelium production were as previously described [5] .
Wall material and fractionation
The preparation of wall material was performed as previously described [9] . Wall material (6 g) was fractionated as reported elsewhere [10] .
Chemical analyses
Neutral sugars were released by hydrolysis with 2 M H2SO 4 at 100°C for 5 h and then converted into their corresponding alditol acetates [11] . Identification and quantification were carried out by gas-liquid chromatography (GLC) using 3% SP-2340 on 100-120 Supelcoport as previously described [12] .
Isolation of polysaccharides from FIS
Portions of the different F1S fractions (100 mg) were dissolved in 2 ml H20 and centrifuged at 10 000 × g for 15 min. The supernatant (F1Sa) and sediment (F1Sb) were freeze-dried. A portion of F1S (100 mg) from E. inusitatum, E. cryptum and E. nepalense was dissolved in 2 ml of 0.3 M NaOH and centrifuged at 10 000 x g for 15 min. The supernatant was added to a column (35 x 2.6 cm) of Sepharose CL 6B and eluted with 0.3 M NaOH. Fractions of 2 ml were collected and monitored for carbohydrate by the phenol-sulphuric acid method [13] . Appropriate fractions were combined, concentrated to a small volume, dialysed and freeze-dried. 
Infrared spectra
Infrared (IR) spectra were obtained by the KBr disc technique on a Perkin-Elmer 1420 infrared spectrophotometer [14] .
C-NMR analysis
13C-NMR spectra from F1S fractions were obtained in D20 solutions at 60°C in a Varian XL-300 spectrometer (13C, 75 mHz). The polysaccharides (25 mg) were dissolved in 0.7 ml of DzO and centrifuged at 10 000 × g move insoluble material. 343 for 15 rain to re-
Results and Discussion
T[ae proportions of the fractions obtained from the cell wall of the different species are presented in Table 1 . The largest fraction was the material resistant to the alkali treatment (F4) which amounted from 43 to 76%. Fraction FII (alkali-soluble, water-insoluble) was about 5% of the cell wall except in six species which spanned 14.8 to 37.5%. The alkali-and water-soluble fraction (F1S) amounted from 1.5 to 8.2%. The neutral sugars released from fraction F1S of the different species are shown in Table 2 . The most abundant sugar was galactose (17.8-79.0%) except in E. cryptum and E. inusitatum which presented a larger proportion of glucose (34.7 and 43.2%) than galactose, and in E. euglaucum whose most abundant sugar was mannose (21.8%). Xylose was present in small amounts (0.7-3.2%) in only five species.
Fraction FII was a glucan containing mannose and galactose. In E. euglaucum galactose was the most abundant sugar (20.7%). Xylose was also present in five species (Table 3) in a larger amount than in F1S.
Fraction F3 amounted to less than 3% except in E. pinetorum (6%) ( Table 1) . This fraction contained different proportions of mannose, galactose and glucose in the species investigated. The hot alkali treatment may have extracted the remnants of F1S and FII and also a small proportion of the glucan from F4. Xylose was also present in this fraction in some species. In other species xylose was not detected in any fraction. Fraction F4 was a chitin-glucan complex. Both the F3 and F4 fractions have been described in other fungi [2, 3] .
The IR spectra of fraction F1S showed bands at 870 and 812 cm -1 characteristic of /3-galactofuran. The spectra of fraction FII from E. angustiporcatum, E. ochro-salmoneum, E. shearii, E. sinaicum, E. pinetorum, E. cinnamopurpureum and E. stolkiae showed bands at 850 and 930 cm -1 typically attributed to a-glucans. These species also have the highest content of fraction FII in common. In the remaining species the band at 890 cm -1 revealed that FII was a /3-glucan except E. euglaucum which showed absorption bands at 870 and 810 cm -1 typical of galactans. Fraction F4 showed absorption bands at 1550 and 1650 cm-1 characteristic of the -NH-CO-groups of chitin, and the 890 cm-1 band from /3-glucans [15] .
Fraction F1Sa in hydrolysis yielded mainly galactose, and less than 3% of glucose and man- nose in most of the species investigated. 13C-NMR spectra (Fig. 1D) were indicative of the presence of a /3-(1-5)-galactofuran, identical to that found in the cell wall polysaccharide of E. crustaceum [8] . The galactan from E. cryptum (Fig. 1C) showed the signals of/3-galactofuranose residues with at least two different linkage types. In addition to these signals, E. euglaucum (Fig. 1B) displayed peaks of the pyranose type, some of them corresponding to mannose. The spectrum of E. nepalense (Fig. 1A) is mainly composed of at least four differently bonded /3-galactofuranosides. Fraction F1S from these fungi was passed through a Sepharose CL 6B chromatography column. A glucan eluted with the void volume and the galactan was collected in fractions 60 to 90. The 13C-NMR spectra of these galactans were similar to those obtained by centrifugation indicating that, in both cases, a good purification was achieved. The presence of the /3-(1-5)-galactofuran in the cell wall of most of the species investigated and in E. crustaceum [8] , the type species of the genus, may indicate that this polysaccharide may be useful as a chemotaxonomic marker for the genus. The presence of this polysaccharide in the cell wall of species of Penicillium [7] may indicate that these species are anamorphs of Eupenicillium, since the cell wall of Talaromyces contains flgalactofurans with other linkage types [6] .
Since fraction FII of some species of Eupenicillium contained an a-glucan, while in others there was a fl-gluc, an, and the xylan has not been found in any of them,, these polysaccharides are not characteristic of the genus but could help to group the species.
Work is in progress on the isolation and characterisation of polysaccharides from the cell wall of genera related to Eupenicillium in order to find differences in the composition and structure of the alkali-and water-soluble polysaccharides which may be characteristic of each genus.
